OBJECTIVE: Obstructive sleep apnea is frequent during the acute phase of stroke, and it is associated with poorer outcomes. A well-established relationship between supine sleep and obstructive sleep apnea severity exists in nonstroke patients. This study investigated the frequency of supine sleep and positional obstructive sleep apnea in patients with ischemic or hemorrhagic stroke.
INTRODUCTION
Obstructive sleep apnea (OSA) is frequent during the acute phase of stroke; it occurs in 62% of patients with ischemic stroke and 59.4% of patients with primary intracerebral hemorrhage (ICH) (1, 2) . The impact of OSA is clinically significant after ischemic stroke because it produces early neurological deterioration, poor functional outcome, and increased long-term mortality (3, 4) . The apnea-hypopnea index (AHI), which measures apnea severity, is an independent predictor of mortality in these patients (5) . We recently reported a relationship between OSA and perihematoma edema in patients with hypertensive ICH (2) .
The severity of breathing abnormalities in the general OSA population is frequently related to the body position during sleep. The supine position influences the occurrence of sleep-disordered breathing by increasing the number and severity of apneic events (6) . The collapsibility of the upper airways is higher in the supine position than in the lateral decubitus position during all sleep stages (7) . Positional OSA occurs when patients exhibit an AHI while sleeping in the supine position that is at least two times higher than their lateral AHI (8) . Positional OSA and supine position during sleep are frequent in ischemic stroke patients (9, 10) . However, the frequency of supine sleep and positional OSA within the first 24 hours after stroke and in ICH patients are controversial. Therefore, we investigated the frequency of supine sleep and positional OSA during the first night after an acute ischemic stroke or primary ICH.
SUBJECTS AND METHODS
Patients were prospectively recruited from the Emergency Unit of our University Hospital. Subjects were eligible for the study if they were over 18 years of age and presented with their first ischemic stroke or primary ICH. The following exclusion criteria were used: orotracheal intubation; severe chronic obstructive pulmonary disease; decompensated heart failure; recent myocardial infarction; .24 hours between the onset of stroke symptoms and hospital admission; and secondary causes of ICH. Demographic data and vascular risk factors of all patients were recorded. The Ethics Committee at our institution approved this study. Written informed consent was obtained from all of the patients or their relatives.
Subjects underwent a full polysomnography (PSG) during the first night after stroke symptoms onset from 11:00 PM to 7:00 AM using a digital system (BioLogic Sleepscan II TM ; Mundelein, Il., USA). The PSG did not interfere with the conventional care of the patient. System variables included six EEG channels (F3-A2, F4-A1, C3-A2, C4-A1, O1-A2 and O2-A1 of the international electrode placement system), two electro-oculographic leads, chin and bilateral anterior tibialis surface electromyograms, electrocardiogram, nasal and oral airflow, thoracic and abdominal movements and finger pulse oximetry. Sleep stages and respiratory events were scored using standard criteria (11) .
Apnea was defined as the absence of airflow for at least 10 seconds. Respiratory effort was maintained in obstructive apnea, but breathing movements were absent in central apnea. Mixed apnea was defined as a combination of central and obstructive apnea. Hypopnea was defined as a thoracoabdominal amplitude decrease of $50% of baseline for at least 10 seconds with an arousal or oxygen desaturation $3%. Cheyne-Stokes respiration was defined as a periodic crescendo and decrescendo breathing pattern with central apnea or hypopnea. The AHI was calculated as the average number of apnea and hypopnea episodes per hour of sleep. Sleep apnea was further classified as obstructive or central in each patient according to the type of predominating event. OSA was defined as an AHI$5 with a predominance of obstructive events (1, 3) .
The sleep positions (e.g., prone, supine, left or right side) were recorded continuously using an electronic position sensor and were confirmed by the sleep technologist during the PSG. The subjects were not provided with instructions for their sleep position.
Positional OSA was defined when AHI$5; the AHI was at least 50% lower in lateral positions than the AHI in the supine position. Possible positional OSA was defined as an AHI$5 in the supine position with no recorded sleep in lateral positions. Nonpositional OSA was defined as an AHI$5 with less than a 50% reduction in AHI in the lateral position (left or right) compared to supine, which required sleep in a nonsupine position (8, 9) .
Certified study personnel measured stroke severity using the NIH Stroke Scale (NIHSS) at the time of study enrollment (12) .
Statistical analyses
We collected demographic, clinical, and polysomnographic data from all study subjects. The means¡standard deviations (SD) or medians with interquartile ranges (IR) were calculated for numeric variables. The Chi-square test was used for categorical data, and the t test or the MannWhitney U test compared the means or the distribution of AHI values between supine and lateral positions, respectively. The percentage of the total sleep time spent in the supine position was tested for rank correlation with stroke severity (NIHSS) using the Spearman's rank correlation coefficient (r s ). All statistical analyses were performed using the SPSS software package, version 17.0 (Chicago, IL, USA).
RESULTS
Thirty-four of the 66 subjects (51.5%) presented with ischemic stroke, and 32 subjects (48.5%) suffered ICH. Demographics and major risk factors between the stroke subtypes are presented in Table 1 . The median baseline NIHSS was 12.5 (IR: 7-17), which was significant between ICH and ischemic stroke patients (p = 0.002).
The mean recorded total sleep time per stroke case was 206.9¡93.8 minutes, and the mean total recording time was 338.1¡69. A full night of diagnostic studies was obtained for all subjects. Fifty-two patients (78.8%) exhibited OSA; 42.4% of these patients suffered ischemic stroke, and 36.4% suffered ICH. The mean AHI was 29.7 (¡26.6). Twelve patients (23.1%) exhibited positional OSA, and 6 patients (11.5%) exhibited nonpositional OSA. The other 34 patients (65.4%) exhibited OSA but spent the entire sleep period in a supine position (i.e., possible positional OSA). No differences were observed between the stroke subtypes and the presence of OSA or positional OSA (Table 2 ). AHI was significantly reduced when patients changed from a supine to a lateral position (p,0.001 - Table 3 ). 
DISCUSSION
We observed high frequencies of obstructive sleep apnea (78.8%) and exclusive supine positioning during sleep (66.7%) in patients with ischemic stroke or ICH. The predominance of supine posture was related to the severity of neurological deficits regardless of the stroke subtype in our patients. Supine sleep may aggravate OSA severity and contribute to hypoxemia, endothelial dysfunction, increased oxidative stress, the activation of the coagulation cascade and inflammation during the acute phase of stroke (13, 14) . Therefore, prolonged supine positioning during the acute phase of stroke and ICH may potentiate the negative impact of OSA on clinical outcomes.
Positional OSA was confirmed in 23.1% of patients. However, this percentage may be underestimated because the majority of patients spent the entire recorded sleep time in a supine position. The frequency of possible positional OSA increases significantly (up to 65.4%). Similar results were observed in a recent study of ischemic stroke patients in which full polysomnography was performed within the first seven days after symptom onset (9) .
Continuous positive airway pressure (CPAP) is the standard treatment for OSA, but its efficacy depends on patient adherence, and stroke patients may have a low tolerance for CPAP (15) (16) (17) . More definitive results on CPAP treatment in acute stroke patients are required. Therefore, the appropriate positioning of stroke patients is a reasonable and harmless initiative to avoid a prolonged supine decubitus position. Positional OSA may be more frequent during the acute stroke setting, and the incidence may decrease significantly over six months (18) . Therefore, the potential for positional therapy to decrease OSA in ischemic stroke patients during the acute phase of stroke requires further investigation. A recent small, randomized, controlled, two-night crossover study demonstrated that positional therapy using a pillow that was designed to prevent supine sleep was adequately tolerated by patients after ischemic stroke and reduced the absolute percentage of time in a supine position by 36% and modestly reduced sleep apnea severity (19) .
The limitations of our study include the small sample size and the lack of reliable information on sleep apnea severity prior to stroke. The time spent in a supine position may also be influenced by the availability of local resources and the act of performing the PSG (20) . However, other multiparametric monitoring systems that are routinely used for stroke patients may exert the same influence on sleep position.
In conclusion, positional sleep apnea was detected in one quarter of patients during the acute phase of ischemic stroke and ICH, but the actual frequency was likely underestimated. The adequate positioning of patients during sleep may be an alternative for reducing the impact of obstructive respiratory events during the acute phase of stroke, especially in patients with a high NIHSS, regardless of their stroke subtype. Further studies are required to examine the efficacy of positional therapy on the outcomes of OSA patients during the acute phase of stroke. 
ACKNOWLEDGMENTS

AUTHOR CONTRIBUTIONS
Camilo MR and Pontes-Neto OM contributed to the data collection and analysis, critical review of the results, and manuscript development. Fernandes RMF and Sander HH contributed to the polysomnography analysis and the manuscript review. Nobre F, Santos-Pontelli T, Dos Santos AC, De Araujo DB, and Leite JP participated in the critical review of the results and the manuscript. 
